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LIGHT TRANSFER DEVICE AND SYSTEM 

Dung T. Duong 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to light transfer devices and systems, 
and more particularly to a device used with a light transfer system for efficiently 
transferring light from a light source to an image plane. 

Background of the Invention 

It is common practice to collect light and transmit light or electromagnetic 
energy from one location to another location in the form of rays or beams. In the past, 
light, which has been radiated in many directions, has been collected, and then 
relayed, focused or scanned by mirrors, lenses, and /or prisms. Optical light beams 
diverge and broaden, but they can be refocused by the use of lenses and mirrors. 
When using lenses, a typical condenser system (e.g., lens to collect light) projects the 
source of light onto an image plane. Since the light source is imaged, the light source 
should be generally uniform to enhance uniformity at the image plane being 
illuminated. However, there are several drawback and disadvantages to such imaging 
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systems. For example, the collection angle in condenser systems is generally low 
compared to other systems. Also, the condenser systems generally have a plurality 
of optical elements, and as such, increases the complexity of mechanically mounting 
each component of the system, and can increase the overall cost of the system. 
Furthermore, the light beam can be easily obstructed or scattered by various objects. 

Another conventional system is guided-wave optical devices. Conventional 
guided-wave optical devices transmit light through dielectric conduits, which can 
provide long distance light transmission without the need or use of relay lenses. 
Generally, a guided-wave optical device is a light conduit that is configured as either 
a slab, strip, or cylinder of dielectric material, and generally having a rectangular 
vertical cross sectional shape along its respective longitudinal axis. These guided- 
wave optic devices utilize internal reflections to integrate and transport light to an 
image plane. Light reflects off the interface between the dielectric material and 
outside material (e.g., a material with an index of refraction less than the dielectric 
material, such as glass with an additive, or air) interface. 

In use, however, light exiting these guided-wave optical devices are not 
generally focused, and the level of irradiance of the image plane object can rapidly 
decrease as the distance between light source and the image plane increases. This can 
be due to a number of factors, including light being lost or leaking out of the guided- 
wave optical device due to refraction because of a lower than desired collection 
angle. Materials are generally softer and more difficult to machine. Furthermore, 
such materials can be more expensive and can be a more hazy material. 
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As can be seen, currently available optical devices and systems have a 
number of shortcomings that can greatly reduce the amount of light and/or focus of 
the light being transmitted from the light source to the image plane. Moreover, light 
being emitted from conventional devices and systems is not always uniform and any 
source imperfections are transmitted through the device and system. 

Summary of the Invention 

Briefly summarized, the present invention comprises a waveguide device for 
transmitting light. In one embodiment of the present invention, the present invention 
comprises a waveguide device having a light transmitting body. The body includes 
a first surface and a second surface, and a longitudinal axis. At least one of the first 
and second surfaces, and preferably both surfaces, are configured to be non-parallel 
to the longitudinal axis. Furthermore, the first surface is configured to be non- 
parallel to the second surface. In a particular embodiment, the body of the 
waveguide device is configured in a generally elliptical shape along the longitudinal 
axis, whereby a proximal portion of the waveguide device is generally symmetrical 
with a distal portion. 

To efficiently and effectively transmit light, the body of the waveguide device 
preferably comprises a dielectric material, such as either a plastic material (e.g., 
acrylic), or a glass material. In one embodiment, the body of the waveguide device 
is a solid piece of material. In another embodiment, the body may include a hollow 
chamber therein. 
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The first and/or second surfaces of the body may also include a reflective 
coating material. The coating may be bare gold, gold, aluminum, silver, mixtures 
thereof, or any other suitable reflective material. 

The body of the waveguide of the present invention may also include an end 
surface that is configured to be parallel to the transverse axis of the waveguide 
device. 

In another embodiment, the present invention comprises may include an 
optical transfer system having a light source operable to produce electromagnetic 
energy, and an elliptically configured waveguide device operable to receive 
electromagnetic energy from the light source. The waveguide device can direct the 
electromagnetic energy to an image plane. The waveguide device includes a body 
having a first surface and a second surface and a longitudinal axis, at least one of the 
first and second surfaces is configured to be non-parallel to the longitudinal axis. 
The waveguide device may also include an end portion provided adjacent the image 
plane, and/or an end that' is positioned abutting the light source. 

In yet another embodiment, the present invention may include a digital film 
processing system. The digital film processing system has at least one light source 
operable to produce light, and an elliptically configured waveguide device operable 
to direct light from at least one light source, such as a source of electromagnetic 
radiation, to a photographic media. The digital film processing system also includes 
at last one optical sensor operable to detect light from the photographic media and 
a computer processor connected to the at least one sensor and operable to produce a 
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digital image. The at least one optical sensor operates to detect reflected and/or 
transmissive light from the photographic media. 

Brief Description of the Drawings 

While the specification concludes with claims particularly pointing and 
distinctly claiming the present invention, it is believed the same will be better 
understood from the following description taken in conjunction with the 
accompanying drawings in which like numerals indicate the same elements 
throughout the views. 

Fig. 1 is a prospective view of an optical device in accordance with the 
present invention; 

Fig. 2 is a vertical sectional view of an optical device and system in 
accordance with the present invention; 

Fig. 3 A is a vertical sectional view of alternative embodiment of an optical 
device and system in accordance with the present invention; 

Fig. 3B is a vertical sectional view of yet alternative embodiment of an 
optical device and system in accordance with the present invention; 

Fig. 4 is a vertical sectional view of yet another embodiment of an optical 
device and system in accordance with the present invention; 

Fig. 5 is a vertical sectional view of still another embodiment of an optical 
device and system in accordance with the present invention; and 
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Fig. 6 is a perspective view of a digital film processing system in accordance 
with the present invention. 

Detailed Description of the Preferred Embodiments 

5 Figs. 1 and 2 illustrate an optical transfer system 8 in accordance with one 

embodiment of the invention. In this embodiment of the present invention, the 
optical transfer system 8 comprises a light source 12 and a waveguide device 10. 
The light source 12 and waveguide device 1 0 of the optical transfer system 8 can be 
assembled using fixtures and techniques known in the industry. The present 

10 invention can be used in a variety of suitable articles and devices desiring the 

collection and transfer of light, such as a digital film processing system (see Fig. 6), 
a copier, a scanner, and various medical devices. 

Light source 12 in the optical transfer system 8 is generally positioned 
relative to the waveguide device 1 0 so that the transfer or transmission of light to the 

15 waveguide device 10 is optimized. In one embodiment, the light source 12 is 

positioned adjacent one end 22 of the waveguide device 10, and preferably, in an 
abutting relationship with end 22, as exemplified in Fig. 2. Examples of light source 
1 2 used with the present invention can include a source of electromagnetic radiation, 
a laser, an LED light array, fluorescent light tubes, or any other suitable light source. 

20 Waveguide device 1 0 assists in the transfer or transmission of light over an 

extended distance and/or to hard to reach areas. In one embodiment, waveguide 
device 10 includes a generally longitudinally extending solid body 11 for 
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transmitting light. The body 1 1 has a longitudinal axis L and a transverse axis T 
generally along the waveguide device's centerline, which is preferably generally 
perpendicular to the longitudinal axis L. In a preferred embodiment, the waveguide 
device 10 comprises a generally elliptical shaped vertical cross sectional 
configuration along its longitudinal axis L, as exemplified in Figs. 2-5. 

Waveguide device 10 includes a first surface 16, and a second surface 18, 
which generally define two outer boundaries of the waveguide device 10, and/or 
interfaces with the surrounding material, which can be air. First surface 16 and/or 
second surface 18 are preferably oriented in a non-parallel relationship to the 
longitudinal axis L, and\or to each other. The waveguide device 10 can have a 
generally overall elliptical cross sectional shaped configuration. The orientation of 
first surface 16 and a second surface 18, respectively, can be selected to enhance 
and/or maximize the collection angle of the waveguide device 10, preferably so that 
it can approach about 180 degrees relative to the longitudinal axis L, and maintain 
total internal reflection. 

In an optical transfer system 8, proximal portion 20 of the waveguide device 
10 is provided, generally adjacent the light source 12, and distal portion 30 of the 
waveguide device 10 is generally provided adjacent the image plane 14. 

Body 1 1 of the waveguide device 1 0 can be made from any material that will 
transfer or transmit light. Illustrative examples of materials which are suitable for 
body 11 can include dielectric materials, glass and plastics, such as acrylics, 
polystyrenes, polycarbonates, and other dielectric materials that transmit light. Also, 
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the material may also include additives to enhance the durability, the strength of the 
material, the optical quality, the heat resistance, and the flame retardants of the body 
11. 1 n one particular embodiment, the material of body 1 1 will be homogeneous to 
assist in reducing light scattering. In another embodiment, the material of body 1 1 
5 is non-homogeneous and includes materials of varying densities to focus the light. 

The densities of non-homogeneous material of body 1 1 can vary in the form of a 
gradient that decreases in density, preferably linearly decreases, from the longitudinal 
axis L outwardly along the transverse axis T toward the first surface 1 6 and second 
surface 18. Body 11 also preferably will be resistant to scratching so that the 

1 0 waveguide device 1 0 is durable and wear resistant. Materials used for body 1 1 will 

have a suitable index of refraction to enhance light retention in the waveguide device 
1 0, and to minimize the loss of light due to light refraction. Preferably, the index of 
refraction of body 1 1 is greater than or equal to about 1 .4, more preferably from 
about 1 .4 to about 1 .6, and most preferably about 1.5. 

15 As illustrated in Fig. 4, the body 1 1 may include a coating 1 9 to enhance wear 

resistance and durability, and/or to assist in preserving total internal reflection. 
Examples of coating 1 9 include materials and coating that are used with eyeglass 
lens, or contact lenses. 

Turning back to Fig. 1 to 3B, image plane 14 can be positioned so that light 

20 can be transmitted or transferred from waveguide device 10 to th$ image plane 14, 

and preferably, so that the irradiation of the light on the image plane 14 is enhanced. 
In one embodiment, the image plane 14 can be positioned or provided adjacent an 
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oppositively disposed end 34 of the waveguide device 10. Image plane 14 can 
include various media and articles, including but not limited to, photographic media, 
paper, film, photodiodes, any media illuminator, and other medias and articles that 
will display a light image. 

Turning now to Fig. 3 A, distal portion 30 may include an end surface 32, 
which is generally configured to sharped the focus of the light on the image plane 1 4. 
The length between end surface 32 and image plane 14 operates to vary the focus 
point of the light being emitted from the waveguide device 10. The length between 
end surface 32 and image plane 14 can vary depending on whether it is desirable to 
reduce the loss of light, or to enhance the focus of the light on the image plane 14. 
As will be appreciated by those skilled in the art, the longer the length between end 
surface 32 and image plane 14, the further the focus point of the light is away from 
the image plane 14. 

The end surface 32 may be configured in a parallel orientation relative to 
transverse axis T. In another embodiment, the end surface 32 may be configured in 
a hyperbolic or spherical surface, in an aspherical surface (e.g., see Fig. 3B), or in 
another shape to assist in compensating for the air/material interface refraction. In 
certain applications, the waveguide device 1 0 may be manufactured with end surface 
32. Alternatively, an end portion 34 may be removed after manufacturing whereby 
the waveguide device 1 0 could be tailored to a particular need or situation. 

In an alternative embodiment, exemplified in Figs. 4 and 5, waveguide device 
1 0 includes a hollow chamber 1 7 between the first surface 1 6 and the second surface 
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1 8 that is filled with material more transmissive, more homogeneous, and/or having 
a lower refractive index than body 1 1 , such as air. Furthermore, coating 1 9, such as 
a reflective coating, may be used to assist in enhancing the focus point of the light 
on the image plane 14, and to minimizing or eliminate refraction of the light out of 
the waveguide device 1 0. The coating 1 9 may be applied to either the inner surface 
16A of the first surface 16, and/or the inner surface 18A of the second surface 18 
(See e.g., Fig. 4), or to the outer surfaces 16B and 18B of the first and second 
surfaces 16 and 18, respectively (See, e.g., Fig. 5), if, for example, the coating 19 is 
clear. Selection and placement of the coating 1 9 operates to optimize the transfer of 
light depending on the wavelength of light being transmitted through the waveguide 
device 10. For example, a coating 19 of a bare gold is preferred for use with near 
infrared light, whereas a coating 1 9 of silver and aluminum may be preferred for use 
with visible light 

Turning now to Fig. 6, a digital film processing system 100 operates by 
converting electromagnetic radiation from an image to an electronic (digital) 
representation of the image. The image being scanned is typically embodied in a 
physical form or an image plane (e.g., 14), such as on a photographic media or film 
1 1 2, although other media may be used. The electromagnetic radiation used to 
convert the image into a digitized representation is preferably infrared light. 

The digital film processing system 100 generally includes at least one and 
preferably a number of optic sensors 102. The optic sensors 102 detect light and 
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measure the intensity of electromagnetic energy passing through or reflected by the 
film 112. 

The source of electromagnetic energy is typically a light source 12, which 
illuminates the film 112 containing the scene image 104. Radiation from the light 
source 1 2 may be diffused or directed by additional optics such as filters (not shown) 
and one or more lens 106. Waveguide device 10 is positioned between the light 
source 12 and the film 1 12 to direct light to the film 112, and in order to illuminate 
the images 104 and 108 more uniformly. 

Furthermore, more than one light source may be used with the digital film 
processing system 100. Light source 12 is positioned on the side of the film 112 
opposite the optic sensors 102. This placement results in sensors 102 detecting 
radiation emitted from light source 12 as it passes through the images 104 and 108 
on the film 1 12. Another light source 1 1 1 is shown placed on the same side of the 
film 1 12 as the sensors 102. When light source 1 1 1 is activated, sensors 102 detect 
radiation reflected by the images 104 and 108. 

The disclosure of U.S. Patent No. 5,465,155 is hereby incorporated herein by 
reference as if fully rewritten. 

Having shown and described the preferred embodiments of the present 
invention in detail, it will be apparent that modifications and variations by one of 
ordinary skill in the art are possible without departing from the scope of the present 
invention defined in the appended claims. Several potential modifications have been 
mentioned and others will be apparent to those skilled in the art. Accordingly, the 
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scope of the present invention should be considered in terms of the following claims 
and is understood not to be limited to the details of structure and operation shown 
and described in the specification and drawings. 
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